This study examines the education gradient in three chronic conditions -diabetes, hypertension, and high cholesterol. In the analysis, we take into account diagnosed as well as undiagnosed cases, and we use methods that account for the possibility that unmeasured factors exist that are correlated with education and drive both the likelihood of having the illness and the propensity to be diagnosed with illness if it exists. Data come from the National Health and Nutrition Examination Survey (NHANES) 1999-2008. Our findings show that education is not associated with diagnosed diabetes or hypertension, and it is positively associated with having been diagnosed with high cholesterol. However, when we consider both undiagnosed and diagnosed cases, there is a strong, negative association between education and having diabetes or hypertension. A small, positive association between education and high cholesterol persists, even when we include undiagnosed cases. When we account for the possibility of shared, unmeasured determinants of disease prevalence and disease diagnosis that are correlated with education, we find that for all three chronic conditions, education is negatively associated with having undiagnosed chronic disease.
Introduction
Among adults in the US, there are important differences across education groups in the prevalence, morbidity, and mortality associated with chronic disease. Based on data from NHANES 1999-2008, the age-adjusted prevalence rates for diabetes, hypertension, and high cholesterol were 7.6 percent, 25.6 percent, and 25.9 percent respectively among adults with more than 12 years of education, and 14.6, 31.8, 27.0 percent respectively among adults with less than 12 years of education. Mortality differences by education group have been widening in recent years, and part of the explanation for these worsening disparities is education-related differences in chronic disease. Meara, Richards & Cutler (2008) , for example, report that about 13 percent of the growth in education-related differences in mortality among US adults between 1990 and 2000 can be attributed to heart disease (Meara et al., 2008) .
When estimating education-related differences in chronic disease, economists typically measure chronic disease using self-reported information. This approach may lead to biased estimates of education-related health disparities if individuals have unmeasured characteristics that are correlated with education, associated with disease prevalence, and associated with the propensity to be diagnosed given that a disease exists (Johnston, Propper & Shields, 2009 ).
Chronic diseases are frequently asymptomatic in their early stages, and as a result education may play a particularly important role in increasing the likelihood that individuals with disease are diagnosed and aware of their condition. This empirical issue has important policy implications.
The recently released Healthy People 2020 has a new topic area specifically addressing education and other social determinants of health. To measure progress in this domain, we need estimates of the education gradient that account for the fact that for many chronic illnesses, the less educated are both more likely to have disease as well as less likely to be diagnosed given that a disease exists. (http://healthypeople.gov/2020/). This study examines the education gradient in three chronic diseases (diabetes, hypertension, and high cholesterol) using data from the National Health and Nutrition Examination Survey (NHANES) 1999-2008. Because NHANES includes both self-reports of medical diagnoses as well as medical assessments for these conditions, we are able to estimate education-related disparities in self-reported diagnosed disease as well as education-related disparities in total prevalence of disease, which includes both diagnosed and undiagnosed cases.
We then estimate education-related disparities in chronic disease using selection models that account for the possibility that unmeasured factors exist which underlie both total prevalence of disease and self-reports of diagnosed illness among those who have disease. All models are estimated using semi nonparametric methods.
Our findings show that if we consider only diagnosed cases of disease, there is no association between education and disease in the case of diabetes and hypertension. Education is positively associated with being diagnosed with high cholesterol. However, when we account for undiagnosed cases, a different pattern emerges. Education has a strong, negative association with having diabetes and hypertension. A small but statistically significant, positive correlation between education and high cholesterol persists, even when undiagnosed cases are considered.
After accounting for shared, unmeasured determinants of disease prevalence and disease diagnosis, we find that more educated individuals are more likely than those with less education to be diagnosed, given they have a chronic disease. Our results indicate that in order to generate credible estimates of the education/health gradient, it is critical to consider both diagnosed and undiagnosed cases of disease.
The education gradient in chronic disease -previous research
In the case of diabetes, there is some mixed evidence that education is negatively associated with diabetes prevalence (having diagnosed or undiagnosed disease) and positively associated with having diagnosed illness, given the disease exists. For example, Wilder et al. (2005) , based on NHANES III do not find an association between education and the likelihood of having undiagnosed diabetes. Smith (2007) , on the other hand, use data from NHANES II, III, and IV and report a mixed pattern of findings -college education (16+ years) is associated with a reduction in the total prevalence of diabetes in NHANES III, and having at least some college education (more than a high school degree) is associated with lower likelihood of being undiagnosed with an existing disease in NHANES IV, but otherwise education is not associated with diabetes prevalence and diagnosis. Neither of these studies account for the possibility that common, unmeasured factors drive both prevalence and diagnosis of disease, and these unmeasured factors may be correlated with education. If this is the case, these estimates of the education gradient in diabetes may be distorted. Johnston, Propper & Shields (2009) , in a study of the income gradient in hypertension based on the Health Survey for England, address this issue by estimating a censored probit model which accounts for the following: (1) the distribution of being diagnosed with hypertension is censored (because we do not observe what diagnosis status would have been for individuals who do not have hypertension if they actually had hypertension); and (2) this censoring may be driven by unmeasured factors that are correlated with education and also affect the likelihood of having hypertension. These authors find a strong income gradient exists in objective, but not in selfreported, measures of hypertension. Estimates from the censored probit model indicate that income and education are negatively associated with having undiagnosed hypertension among those with the disease. These findings indicate that (1) relying solely on self-reports of chronic health conditions; and (2) ignoring selection into disease prevalence and diagnosis can yield misleading estimates of the SES gradient in chronic disease. Johnston et al. (2009) focus on a single chronic disease (hypertension) and use data from the UK. In the present study, we contribute to this line of research by estimating the education gradient in chronic disease in the U.S. using the NHANES 1999-2008 -data which include both self-reports of medical diagnoses and medical examination results for chronic illness -as well as methods that account for selection. We consider three of the most highly prevalent and costly chronic conditions in the US --diabetes, hypertension, and high cholesterol. Prior studies based on US data have not accounted for the possibility that unmeasured factors correlated with SES, disease prevalence, and disease diagnosis may confound estimates of the education-health gradient. 
Data, Definitions, and Sample Statistics

B. Definitions
To define the total prevalence of diabetes, hypertension, and high cholesterol, we include both diagnosed and undiagnosed individuals. That is, we draw on both self-reported information on whether respondents have ever been diagnosed by a doctor with these conditions as well as 1 We exclude from our hypertension analysis sample respondents who do not provide both a 2 nd and a 3 rd reading of blood pressure since we use the average of 2 nd and 3 rd reading as an objective measure of hypertension. We also exclude respondents who report having alcohol, coffee, or cigarettes in the 30 minutes before measuring blood pressure.
results from the NHANES blood draw conducted during the medical exam portion of the survey.
Note that if we were to rely on self-reports of chronic conditions only, we would not capture those who actually have chronic conditions but are undiagnosed. If we were only to use the medical examination results, we would only capture individuals with uncontrolled disease and would miss individuals who have a chronic condition but are controlled by medication.
In the case of hypertension, the total prevalence includes respondents whose medical We define being undiagnosed with an existing disease as the following -conditional on having the disease (based on the prevalence definition described above), the respondent responds negatively to the NHANES question "Have you ever been told by a doctor or other health professional that you had (diabetes, hypertension, blood cholesterol level that was high)?" 2 Note that there is potential for misreporting in either direction -we focus on the problem of undiagnosed individuals who truly have disease, but it is also possible that respondents self-report having an illness, and their medical examination does not indicate the existence of an illness. These cases may indeed be true cases of disease if individuals are effectively controlling disease through lifestyle changes and/or have less severe disease. However, these cases also may be false positives. Since we cannot separate these two groups in the data, we do not focus on this point in the paper.
C. Sample Statistics Table 1 shows weighted sample characteristics by education group (low -<12 years of education; mid -12 years of education; high ->12 years of education) for the diabetes, hypertension, and high cholesterol samples. There is a clear educational gradient in health, access to health care, and health behaviors. For example, in the sample used to examine diabetes outcomes, about 26 percent of those in the high education group (>12 years) report being in excellent overall health while only around 11 percent of those in the low education group (<12 years) report excellent self-assessed health. Rates of self-reported diabetes and hypertension (but not self-reported high cholesterol) are higher in the lower education groups vs. the high group.
Less educated individuals are more likely than the more educated to have an overnight hospital stay in the past year, but they are less likely than the more educated to report having access to routine care (Table 1 ). In the diabetes analysis sample, about 36 percent of low educated individuals are current smokers vs. 17 percent in the high educated group.
The top panel of Table 2 shows the weighted chronic disease prevalence rates (which include diagnosed and undiagnosed cases, as described above) by education group. The high educated (>12 years) group has significantly lower prevalence of chronic disease compared to the low educated (<12 years) group, particularly in the case of diabetes. Only 7.6 percent of the high education group has diabetes while 16.0 percent of the low education group suffers from diabetes. The bottom panel of Table 2 shows weighted percentages of disease diagnosis, or the proportion of those with the disease who self-report being diagnosed with it, by education group.
The only significant educational gradient in awareness occurs for high cholesterol --66. We emphasize that the descriptive relationships between disease diagnosis and education that we observe in Table 2 may be confounded by the other factors, such as the severity of health conditions. If less educated people are more likely to be in later stages of chronic conditions than more educated people, this greater severity may make them more likely to be diagnosed with illness. This type of bias from unmeasured severity should be considered when estimating the education gradient in disease diagnosis. In fact, the data support the idea that lower educated people have more severe conditions, and that people with severe conditions are more likely to be diagnosed with and aware of having an existing chronic disease. Co-morbidity is more common among individuals in the low and mid education group vs. the high education group (Figure 1) , and, among individuals with chronic disease, high educated people (>12 years) are more likely than lower educated people (<12 years, 12 years) to report being in excellent health (Figure 2 ).
Figure 3 similarly supports the idea that those who are in worse overall health are more likely to be diagnosed with and aware of an existing health condition than those who are in better overall health. Only about 55 percent of people who report "excellent" overall health and actually have a chronic disease (diagnosed or undiagnosed) report having been diagnoses with the disease, but over 80 percent of people who report "poor" overall health have been diagnosed with and are aware of having an existing chronic condition. These relationships may indicate that severity increases the probability of diagnosis, but the causal pathway also may run in the opposite direction if self-assessed health is updated by being diagnosed with a chronic condition.
Model
Initially, we estimate two sets of models in which we examine: (1) the education gradient in self-reported diagnosis of diabetes, high blood pressure, and high cholesterol; and (2) the education gradient in the total prevalence of each of these three diseases (diagnosed and undiagnosed). The dependent variable in these models is a binary indicator of either selfreported disease, or a binary indicator of whether the respondent either self-reports disease and/or has the disease based on the NHANES medical examination results. For estimation of these models, we use semi nonparametric univariate binary choice models as an alternative to standard probit models because in several cases, we rejected normality based on a log-likelihood ratio test. We estimate a basic and an extended specification of each model. The basic specification includes controls for education, poverty-income ratio, race/ethnicity, gender, marital status, age, age squared, survey year, and whether the respondent reports having relatives with diabetes and hypertension. The extended specification additionally includes controls for self-reported co-morbid chronic conditions, whether the respondent is overweight or obese, and smoking status. We interpret findings from the extended specification with some caution since the additional variables included are potentially endogenous -for example, individuals with diabetes may quit smoking or lose weight to better control their disease.
Next, we account for the possibility that common, unmeasured factors underlie both disease prevalence (the existence of disease, diagnosed or undiagnosed) and undiagnosed disease (respondent does not self-report being diagnosed with disease, given that disease exists). To do so, we estimate the semi-nonparametric bivariate binary-choice model with sample selection discussed by Gallant and Nychka (1987) 3 . This model has two advantages that apply to our problem. First, it allows for non-zero covariance, ρ, between the disease prevalence and This appears to be important in our case, since inspection of the residuals from the model shows appreciable deviations from normality, mainly in the diabetes and high cholesterol models.
More formally, the basic structure of the model is:
where is unobservable and is an observable outcome vector of individuals ( . In our case, is a binary indicator of disease prevalence (whether the respondent has disease, diagnosed or undiagnosed) and is a binary indicator of whether the respondent self-reports having been diagnosed with the disease, given that the disease exists. Since our interest is in understanding how the relationship between education and undiagnosed disease affects estimation of the education gradient in chronic disease, is only of interest when the respondent actually has the disease, . To sharpen the identification of the model, we include two variables in the disease prevalence model that are not included in the disease diagnosis equation.
These variables are: whether the respondent has relatives with hypertension, and whether the respondent has relatives with diabetes. Presumably, these variables will capture genetic aspects of the disease, but they should not be directly related to disease diagnosis, holding other factors constant.
The joint log likelihood function for bivariate binary-choice model with sample selection is given by:
where =( , and the probabilities underlying three possible combination of outcomes and are given by:
is an unknown marginal distribution function of the latent regression error , j=1,2 and F is a unknown joint distribution function of ( in semi-nonparametric approach while parametric approach assume Gaussian distribution functions for both and F.
Since and F is unknown, we need to estimate those functions. In the seminonparametric approach we use in this paper, an unknown joint density f of ( is approximated by a Hermite polynomial expansion (Gallant & Nychka 1987) . The discussion below is based on DeLuca (2008). The approximated joint density function is given by: Tables 3 and 4 show results from semi nonparametric univariate binary choice models in which we examine the education gradient in chronic illness. Table 3 shows results from models in which the dependent variable is a binary indicator of whether or not the respondent selfreports having been diagnosed with diabetes (Panel 1), hypertension (Panel 2), or high cholesterol (Panel 3). Table 4 shows results from a similar set of models, but in these models the dependent variables measure the total prevalence of disease -that is, the dependent variables include both diagnosed and undiagnosed cases.
Results
The results in Table 3 indicate that after controlling for other factors, having 12 years of education (relative to less than 12 years) is not associated with being diagnosed with diabetes or hypertension (Panels 1 and 2, Table 3 ). Having more than 12 years of education is negatively associated with having been diagnosed with diabetes and hypertension, but this effect is marginally statistically significant in the basic model and not statistically different from zero in the extended model, which includes additional controls for health status (Panels 1 and 2, Table   3 ). In the case of cholesterol, higher educated people are actually more likely to report having been diagnosed with high cholesterol than less educated people (Panel 3, Table 3 ). This effect is statistically significant in both the basic and extended models. There is also a strong, positive income gradient in self-reported diagnosis of high cholesterol (Panel 3, Table 3 ).
When we also consider undiagnosed cases, however, a different pattern of findings emerges (Table 4) . There is now a strong post-secondary education gradient in both diabetes and hypertension -individuals with at least some college education are less likely to have diabetes and hypertension in both the basic and extended models (Table 4 The findings in Tables 3 and 4 suggest that one cannot generate credible estimates of the education gradient in chronic disease by using self-reported disease information alone, since education may be related not only to the onset of a disease but also to the likelihood of being diagnosed with and correctly self-reporting an existing disease. In Table 5 , we estimate the effect of education on the likelihood that an individual has undiagnosed disease (e.g., the respondent has diabetes based on the NHANES medical examination, but the respondent does not self-report having been diagnosed with diabetes). The estimates come from a seminonparametric bivariate binary-choice model with sample selection, which accounts for the fact that there may be correlated factors that drive both prevalence and diagnosis of disease, and are associated with education.
In the case of hypertension and high cholesterol, the estimated ρ is large and positive across all models, indicating that estimating the prevalence and undiagnosed equations jointly is appropriate. For these two conditions, unmeasured factors exist that are positively associated with disease prevalence and undiagnosed disease, given an individual actually has the disease.
In the case of diabetes, however, the estimated ρ is negative in the basic model and small in magnitude and positive in the extended model. Possibly, this difference in the estimated ρ across the models may be because lifestyle factors are more critical in the case of hypertension and high cholesterol, while genetics play a larger role in the case of diabetes. For example, individuals with poor dietary habits may be more likely than those with better habits to develop hypertension and high cholesterol, as well as less likely to be diagnosed if they do indeed have the disease.
This may be true to a much lesser extent for diabetes.
The findings in Table 5 show that after accounting for unmeasured, correlated determinants of disease prevalence and diagnosis: (1) having some post-secondary education reduces the likelihood of having diabetes and hypertension, but has no association with having high cholesterol; and (2) given that disease exists, those with post-secondary education are less likely to be undiagnosed for all three chronic diseases. The magnitude of the effect of college education on the probability of being undiagnosed is a reduction of 6 percentage points in the probability of having undiagnosed diabetes (an 23% reduction at the sample mean), a reduction of about 4 percentage points in the probability of having undiagnosed hypertension (a 18% reduction at the sample mean), and a reduction of 1 percentage point in the probability of having undiagnosed high cholesterol (an 3% reduction at the sample mean). In the case of high cholesterol, in addition to post-secondary education, high school completion is also negatively associated with being undiagnosed.
There is a strong income gradient in diabetes prevalence, but income is not related to the prevalence of hypertension and high cholesterol after accounting for other factors. Among those with disease, higher income individuals are less likely to be undiagnosed than lower income individuals in the case of high cholesterol; however, income is not related to diagnosis for hypertension and, surprisingly, higher income is actually associated with an increase in the probability than diabetic individuals are undiagnosed, after controlling for other factors.
Conclusions
As a whole, these findings indicate that relying on self-reported information to estimate the education-chronic disease gradient understates the gradient because less educated individuals are more likely than more educated individuals to have undiagnosed disease. Including undiagnosed cases, and allowing for shared, unmeasured factors that drive prevalence and diagnosis, reveals that education plays an important role not only in having disease but also in being diagnosed with an existing disease. Higher income individuals with high cholesterol are more likely to be diagnosed with it than lower income individuals, but there is no association between income and hypertension diagnosis and a counter-intuitive, negative association between income and diabetes diagnosis. Income, then, plays a somewhat different role than education in the prevalence and diagnosis of chronic disease.
Our findings for undiagnosed diabetes are similar to those of Smith (2007), who uses earlier NHANES data (1999) (2000) (2001) (2002) and a standard probit model to estimate the effect of education on the probability of being undiagnosed, among those who have diabetes. He reports an 8 percentage point reduction associated with having at least some college education -we find a 6 percentage point reduction, using more recent data and empirical methods accounting for correlation between the unmeasured determinants of having diabetes and being undiagnosed given that diabetes exists. Like us, Smith (2007) also finds a counter-intuitive positive relationship between income and undiagnosed diabetes, although the estimated coefficient is marginally statistically significant.
Our findings may indicate that disease diagnosis is an important mechanism through which education ultimately affects health. However, to examine this idea further, longitudinal data are needed to examine whether compared to higher educated individuals, less educated people experience earlier onset of disease, later diagnosis of existing disease, or both. If both effects occur, it is important to understand which effect is stronger, and also the mechanisms at work. If the main issue is that the less educated experience earlier onset and higher prevalence, this may be due to factors such as lifestyle and environment. If the primary issue is that the less educated are less likely to be diagnosed, this may result from lack of accessible screening and primary care services. Understanding these linkages will have important implications for public policies targeted at reducing disparities in chronic disease. 
